S1. Experimental details
All measurements were performed with an Fe bulk tip attached to the free prong of the tuning fork. Two different types of tuning forks were used: (a) an asymmetric tuning fork with the Fe tip contacted via an additional electrode printed on the prong; (b) a symmetric tuning fork where the Fe tip is contacted by a 12 µm thin wire. The latter solution is suggested to avoid cross talk between the tunneling current and the deflection of the tuning-fork prong.
1, 2 The tuning-fork oscillation amplitude was calibrated using the tunneling current-controlled amplitude determination 3 . Owing to the calibration procedure, an error of the oscillation amplitude of 10% is assumed.
The constant frequency shift images were acquired in the attractive force regime. While for larger tipsurface separations (d ≳ 500 pm) long-range van der Waals, electrostatic and magnetic dipolar forces dominate the total tip-sample force, short-range forces become dominant at smaller separations d ≈ 100 pm. 4 Therefore, the oscillation amplitude was chosen such that it is in the order of the range of the tipsurface interaction, minimizing the amplitude noise and enhancing the sensitivity to short-range interactions. 4, 5 Thus, we used oscillation amplitudes z mod ≤ 110 pm.
S2. Tip preparation and characterization
In order obtain spin contrast, the Fe tip attached to the tuning fork is dipped into regions where the In order to account for small long-range van der Waals interactions, we mainly use tips that exhibit a frequency shift |f| < 7 Hz at typical tunneling parameters (50 mV, 100 pA).
S3. Raw-data image of Figure 1
The SP-STM image shown in Fig. 1a was processed in order to visualize both the square nano-skyrmion lattice in the fcc monolayer as well as the spin spirals in the bilayer Fe islands. For that purpose, the image was merged with a Laplace-filtered image. 
S6. MExFM data with shifted contrast in the MExFM and current image
The images shown in Fig. S5 were taken with a tip that had a frequency shift offset of -10 Hz, indicating a larger contribution from long-range van der Waals forces indicating a blunt tip. In this case, we observed a lateral shift of the corrugation between the MExFM image (Fig. S5b) and the simultaneously measured current map (Fig. S5c) , as indicated by the lines that mark the same position. However, for most of our tips (10 out of 12 tips with which we acquired MExFM images) the corrugation maxima in the MExFM image and in the spin-polarized current map are at the same positions. We believe that this shift can be caused by modifications of the spin polarization relative to the exchange force for tips that change their structure near the apex. 
S7. Procedure for acquisition of frequency shift vs. distance curves
The tip prepared as described in section 6 was stabilized above the position of the skyrmion lattice with maximum spin-polarized signal (cf. red-circled area of the inset image in Fig. 4) . The tuning fork oscillation was then started with oscillation amplitudes (defined as half the peak-to-peak value) between 40 pm and 80 pm. The current-feedback loop was then switched off at V s = 50 mV and I t = 100 pA . The voltage was decreased to values between 0.1 mV and 0.3 mV, the current-voltage preamplifier gain is set between 10 7 -10 9 .
Next, the tip was retreated to z = 200 pm in order to probe the long-range forces and then approached to the surface to values down to z = −480 pm. We measured both the approach and retract sweeps and recorded the frequency shift, spin-polarized current, amplitude, and excitation voltage. Two to eight sweeps were acquired at this position and averaged before going to the neighboring position of opposite spin contrast within the skyrmion lattice (cf. blue-circled area of the inset image in Fig. 4 ), with the current-feedback loop switched off. The same distance sweep as described above was repeated on the dark position. To ensure that no drift occurred during acquisition, follow-up curves on each of the two positions were taken. If the distance-dependent spin-polarized current curves of these two full sets of data acquisition exhibit a shift along the z-axis of more than 5 pm (which is more than the typical variation between the forward and backward sweep in the current), then the data was disregarded. Otherwise, the different curves at each of the two positions with opposite spin contrast were averaged, and the frequency-shift difference f ex was calculated. Prior to subtracting, the Δf(z) curves were smoothed by a Savitzky-Golay filter (polynomial order: 1, frame width: 7). The magnetic exchange force F ex was calculated (Ref. 8 ) from Δ ex ( ) using formula 1. The shown magnetic exchange force curves in Fig. 4 and Fig. S6 were smoothed by Savitzky-Golay filter (polynomial order: 1, frame width: 5).
In order to illustrate the reproducibility and spread of our data, we show all acquired datasets in Fig. S6 for F ex (z) derived from Δ ex ( ) as well as the spin-polarized current asymmetry ( ( )). The data is split 
S8. Discussion of cross-talk
In combined STM/AFM imaging with a tuning fork, it is important to rule out potential cross-talk between the current and the frequency shift, where the tunneling current may introduce an interference with the deflection of the tuning fork. It has been suggested before to use a separate wire for the tunneling current to minimize this unwanted signal.
1, 2 For our measurements we used two different types of tuning forks, as described above. For both forks, we checked for cross-talk by changing the applied bias voltage, and thus the current, while acquiring a MExFM image. observed. This further reveals that the AFM image at close tip-surface distances corresponds to a MExFM image where the signal is attributed to the local variations in exchange force between the magnetic tip and the surface nano-skyrmion lattice. We note that the tip used to acquire the images in Fig. S8 was one out of two tips for which the maxima in the corrugation in Δf and in the spin-polarized current are not at the same positions (see section S6).
